Butterflies and moths are subject to different evolutionary pressures that affect several aspects 29 of their behaviour and physiology, particularly sexual communication. Butterflies are day-30 flying insects (excluding hedylids) whose partner-finding strategy is mainly based on visual 31 cues and female butterflies having apparently lost the typical sex pheromone glands. Moths, 32 in contrast, are mostly night-flyers and use female-released long-range pheromones for 33 partner-finding. However, some moth families are exclusively day-flyers, and therefore 34 subject to evolutionary pressures similar to those endured by butterflies. Among them, the 35 Castniidae, also called 'butterfly-moths' or 'sun-moths', behave like butterflies and, thus, 36 castniid females appear to have also lost their pheromone glands, an unparallel attribute in the 37 world of moths. In this paper, we review the sexual communication strategy in day-flying 38 Lepidoptera, mainly butterflies (superfamily Papilionoidea), Zygaenidae and Castniidae 39 moths, and compare their mating behaviour with that of moth families of nocturnal habits, 40 paying particular attention to the recently discovered butterfly-like partner-finding strategy of 41 castniids and the fascinating facts and debates that led to its discovery. 42 43
Zygaena nocturna Ebert and some related species, they include typically day-flying moths 154 with a slow, fluttering flight. Their partner-finding strategy corresponds to the typical pattern 155 for moths, with females calling males by releasing long-range sex pheromones (Subchev, 156 2014) . Their sex glands are located at the tip of the abdomen (between segments 8-9, as usual 157 in moths) ( Fig. 2A-B) , or on the anterior parts of tergites 3-5 of the abdomen, as found 158 widespread in the subfamily Procridinae (Hallberg & Subchev, 1997) . 159
Visual cues are also important in the mating behaviour of zygaenids, although only in the 160 short-range phase of the courtship. Thus, in the six-spot burnet, Zygaena filipendulae 161 (Linnaeus), the long-range attraction of males is mediated by female-released pheromones, 162 but when the flying male is within ca. 50 cm range, then visual cues determine the rest of the 163 courtship (Zagatti & Renou, 1984) . Also, in the vine bud moth Theresimima ampelophaga 164 (Bayle-Barelle) (Procridinae) males attracted to a synthetic sex pheromone dispenser 165 displayed more copulation attempts when a female model (visual stimulus) was attached to 166 the dispenser (chemical stimulus) (Toshova et al., 2007) . It is uncertain whether optical cues 167 play a significant role in the rare nocturnal zygaenids, like Z. nocturna, since males were 168 found to reach calling females in the dark, mostly between 21 and 23 h (A. Hofmann pers. 169
com.). 170
More surprising is the dual partner-finding strategy shown by the five-spot burnet, Zygaena 171 trifolii (Esper) (Naumann, 1988; Prinz & Naumann, 1988) . The females have typical sex 172 pheromone glands that release pheromone to attract males in late afternoon. In the morning, 173 however, they rest atop grasses close to where their cocoons were spun, do not release 174 pheromones and can be found by males using optical cues exclusively (female wing pattern,
pheromone. 178
The likely evolutionary advantages of the dual partner-finding strategy have been reported 179 (Naumann et al., 1999) . Although it is likely that the dual strategy may be present in other 180 species of the subgenus Zygaena, it is not well-established how widespread this strategy is 181 among other European Zygaeninae. In this context, Hofmann & Kia-Hofmann (2010) noted 182 that the optical cues used by males of Z. trifolii during the morning and occasionally leading 183 to 'morning copulae', cannot be considered as a general strategy and may vary from species to 184 species depending on ecological circumstances (e.g. altitude, semi-desert, woodland Notwithstanding, the discovery of the above-mentioned dual strategy in Z. trifolii is very 190 significant from an evolutionary point of view because it was the first documented case in 191 which a day-flying moth was not using long-range pheromones for partner-finding, at least in 192 the morning. flying pair cross the territory of another male, this third one would immediately join the 235 pursuit so that the flying group would now be constituted by three individuals, and so on. 236
These pursuit flights are not long-lasting and males soon fly back to their perching spots. 237
Most males behave like perchers, i.e. they are faithful to a territory or spot they 'defend'. 238
These spots are located within palm-infested plots, where females would be flying around 239 after emergence and detected by perching males. In Catalonia, NE of Spain, the areas of these 240 plots are not large (usually less than 3,000 m 2 ), and it is unclear how the territorial spots are 241 shared by competing males, especially when infestation is high. It is likely that males with no 242 'territory' move away in search of new plots to colonise and females to mate. In this case, 243 they would behave as patrollers, as supported by our occasional observations of lone-flying 244 males. As in other castniids, the territoriality of P. archon is poorly understood, and thus 245 several questions remain unanswered, such as: who wins the territorial spot?; how large are 246 the territorial spots?; or what drives the likely migration of males and females to other palm 247 plots?. Based in our observations, the mating behaviour of P. archon cannot be properly 248 performed in nature unless large areas are available to the moths, and so studies carried out 249 only in small insectaries or cages are not suitable for fully understanding the behaviour of 250 these insects and may lead to wrong conclusions. 251
(1) The territorial male behaviour described above does not support that female castniids use 256 long-range pheromones for partner-finding, with vision playing a determinant role in this task. 257 concluded that P. archon male antennae were unsuited to detect long-range pheromones. 299 (5) The abdominal tip (segments 8 and 9-10) of female Lepidoptera forms a telescope-type 300 oviscapt, commonly called 'ovipositor'. In most Cossoidea, the intersegmental cuticle 301 connecting segments 8 and 9 is long when the ovipositor is fully extended. Below that cuticle 302 are located the glandular epithelial cells that produce pheromones. In sesiids, which are very 303 closely related to castniids, such cuticle shows many buds, each topped with one thin and 304 curved 'hair' (Fig. 4) that is supposed to help release the pheromone (Tatjanskaitë, 1995). identified as (Z,E)-3,7,11-trimethyl-2,6,10-dodecatrienal ((Z,E)-farnesal), the corresponding 394 E,E isomer ((E,E)-farnesal), and (E,Z)-2,13-octadecadienol, which elicited significant GC-395 EAD responses on female antennae. Farnesals were found in the forewings and hindwings of 396 males only (Fig. 8) , although the relative amount detected in both types of wings was highly 397 variable. The biological significance of farnesals in the male wings of P. archon is unknown, 398 but it is noteworthy that both isomers of the chemical were identified in male glands located 399 in the forewings of the rice moth Corcyra cephalonica and elicited walking attractancy on 400 females (Zagatti et al., 1987) . We could hypothesise that these chemicals may be used by P. 401 archon females for sexual selection, as occurs in the nymphalid butterfly Bicyclus anynana 402 whose females use n-hexadecanal, one specific component of the male sex pheromone, for 403 that purpose (Nieberding et al., 2012) . 
